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EXECUTIVE SUMMARY

On February 21, 2007, the Cancer Assessment Review Committee (CARC) of the Health Effects
Division (HED) of the Office of Pesticide Programs (OPP) met to re-evaluate the carcinogenic
potential of paru-Dichlorobenzene (p-DCB) (also known as 1,4-dichlorobenzene). This was the
third cancer evaluation for this chemical. para-Dichlorobenzene was previously classified 1o
1989 as a Catepory C carcinogen. The purpose of this 2007 meeting was to evaluate new
inhalation data {an inhalation study in rats and mice by Aiso et al 2005a) and to determine the
appropriate cancer classification of this chemical. The status of the rat and mouse tumors that
were examined 11 the previous cancer assessments. and which are not under reexamination in
this CARC assessment, was summarized and discussed as part of the weight-of-the-evidence
determmmnation ¢! the cancer classtfication.

Dr. George Ghaly of the Toxicology Branch presented background information on this chemical,
the conclusions of the previous cancer meetings, and the new inhalation chronic toxicity and
carcinogenicity studies in mice and rats by Aiso ¢t al. 2005a. Aiso et al.,, 2005a have published
an articte summarizing the findings of carciogenicity studies in F344 rats and BDF] mice
exposed via inhalation to p-DCB, which is the tocus of this document. In this study, groups of
30 F344 maie and 50 temale rats or 50 BDF! male and 50 female mice were exposed to vapor af
p-DCB at concentration levels of 0, 20, 75 or 300 ppm p-IDXCB via whole body inhalation for 6
hours/day, 5 days/week for 2 years. Dr. Ghali also presented the structural activity (SAR) and
metabolism information, Nancy McCarroll (Toxicology Branch) presented the mutagenicity
data. 6The mode of action (MOA) data on mouse hver turnors was jointly presented by both
scientists.

The CARC vonciuded the following:
Carcirogenici:v (Inhalation Studyj
Kai (40 eral 2005a)
e No freatment-related tumors were seen in male or female F344 rats.

e Adequacy of Dosing: The CARC considered the highest level tested (300 ppm) to be
adequate, but not excessive, 10 assess the carcinogenicity of p-DCB in male and temale
rats. ‘This conclusion was based on severe effects at 600 ppm seen in a 13-week
inhalavon toxicity study which mncluded hepatotoxicity (increased liver weight.
henatocellular hypertrophy, increased cholesterol) i male and female rats and renal
toxicity (increased kidney weight. o<2u-globulin nephropathy) in male rats. Similar
effcers were seen at 270 ppm in the subchronic study but the effects were less severe.

The adeguacy of dose selection was supported by increased liver and kidney weights as
weil a4 non-neoplastic lesions in the liver, kidney. and nasal region seen the 2-vear cancer
assae 21 200 ppm.
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Mouse (4150 o H005a)

e Liver sumurs noted in mice at the highest level tested (300 ppm) in both sexes were
considered to be treatment-related and a high dose effect since:

ay in males, there were significant increasing trends in hepatocellular carcinomas
anct hepatoblastomas, both at p<0.01. There was a significant pair-wise
comparison of the 300 ppm dose group with the controls for hepatoceliutar
corcinomas [3R/49 (T8%) vs. 12/40 (24%%)]. at p<<0.05. Hepatoblastomas are very
rure, malignant tumors.

b In females, there were significant increasing trends, and significant pair-wise

comparisons of the 300 ppm dosc group with the controls, for hepatocellular

wdenomas {20750 (40%) vs. 2/50 (49%)] and carcinomas [41/50 (82%) vs. 2/50

S40), all at p < 0.01. There was also a stgnificant trend in hepatoblastomas at p
$.05.

v} The incidence of liver tumors in both sexes exceeded published spontancous
rates for hiver tumors in the B6C3F T mice (Haseman et al. 1998; Doull et al.,
#83). No historical control data were provided for the BDF1 mice.

e Inmale mice, there was a significant trend in histiocytic sarcomas in the liver at p < 0.05.
There was also a significant pair-wise comparison of the 300 ppm dose group with the
controis for histiocytic sarcomas 1 the hiver | 6/49 (12%) vs. 0/49 (0%)], at p < 0.05.
When the incidence in the tumors at all sites, not just the liver, was analyzed, there were
more tumor bearing mice at the mid dose (16%) than at the high dose (Table 2). No
historical control data were provided by the conducting lab but literature values have
placed the incidences at 0-0 % (Haseman et al. 1998) to 1-8 % (Gikmis and Clifford 2000)
tor other mouse strains. Even though both the mid and high dose mice exceeded the
concurrent control and the historical control range for this tumor type, the CARC did not
consider this as treatment related because of the Jack of a dose response and the common
occumence and vartabihiy of this tumor in many strains of mice.

e Adequacy of Dosing: The CARC considered the highest concentration tested. 200 ppm,
o be adequate, but not excessive to assess the carcinogenicity of p-DCB via the
inhalation route in male and female mice. This conclusion is based on the evidence of
severe effects at 600 ppim in a 13-week subchronic inhalation study, which included
hepatorxicity {(increased hver weight, hepatoceliular hypertrophy) and effects on liver
enzyvmes indicative of liver injury. Similar effects were seen at 270 ppm in the
subchronic study but the eftects were fess severe. This was supported by decreased body
weight cain of 12% 1n males, increased iver and kidney weights seen in both scxes,
hepatocellular hypertrophy seen in males. and nasal lesions 1n females at 300 ppm 1 the
2-vear cancer study.
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Previously, the Cancer Peer Review Committee (CPRC) of the HED had met on January 29,
10R7 to review the National Toxicology Program (NTP) toxicology database on p-DCUB with a
particular emphasis on ihe oncogenic potential in rats and mice using the oral route of
administration. These tumor data were not reevaluated at the 2007 meeting, but were
carried forward as part of the weight-of- the-evidence evaluation.

In the N'TP chroric rat oral carcinogenicity study, p-DCB in corn 01l was administered by oral
gavage at dosages of 0, 130 or 300 mg/kg/day (males) or (1, 360 or 600 mg/kg/day (females), 5
days/week for 104 weeks to groups of 50 males or 50 females F344/N rats. [n the NTP oral
carcinogenicry study in the mouse, oral gavage doses of {1, 300 or 600 p-DCB 1n com o1l was
administered. 3 fays/week for 104 weeks to groups of 50 males or 50 females B6OC3F1 mce.

The CPRC conciuded the following:
Carcinogemncis: (Oral Studies)

Rt
e No sigm:ficant increases in tumors were observed in females. [n males, renal tubular cell
aderomas and adenocarcinomas and adenomas/adenocarcinomas combined were
significantly elevated in high dose males. The tumorigenic responses exceeded the
NTP's average historical control incidences for similar tumors. The kidney tumors
induced by p-DCB were not considered refevant to human risk assessment since the
mduction of the male rat kidnev tumors was by the alpha 2u-globulin pathway.

Mouse

e The incidences of hepatecellular adenomas, carcinomas, and adenomas/carcinomas
combired were significantly elevated in both males and females of the high dase group.
There dlso were positive trends for ail three categories of tumors 1 both sexes. In
addition, four hepatoblastomas, a more uncommon and malignant type of liver tumor
than hepatocellular carcinomas, were seen in the high dose males. The CPRC considered
these tunors to be treatment-related.

In addition, the CPRC reviewed two inhalation carcinogenicity studies in Wistar rats and SPF
Swiss mice. and concluded that inhalation treatment of male and female Wistar rats 5 days /week
for 76 weeks o1 levels as high as 500 ppm did not alter the spontaneous tumor profile in either
species under the testing conditions. 1t was further conciuded that the mouse study was
inadequate because of study hmitations due to an insufficient histopathological evaluation of the

tISSUCE.
Mutagenioin

There is ro mutagenicity concern for p-DCB or the main metabolite (2,5-dichlorophenol).
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Striectural-Acini Relationship

Although somie data were available from the closely related ortho and meta 1somers ot p-DCB,
these data proviGed very limited support for the carcinogenicity of p-DCB.

Mode of Action Analysis

Based on the review of the published literature by HED, the CARC concluded that a plausible
non-genotoxic mode of action (MOA) involving mitogencesis was established for the p-DCB -
mnduced hepatic tumors in male and female mice. It should also be noted that since tissue
distribution of »-DCB is considered to be the same, regardless of the route of administration (via
inhalation, ingestion, or subcutaneous injection) and the results show consistency in the overall
toxicological response, data from both oral and inhalation studies were used to support the MOA
analysis. Accordingly, the conclusion for mitogenic stimulation is supported by the following
findings trony ural and inhalation studies:

1. Neither r-DCB nor its main metabolite (2,5-dichlorophenol) is mutagenic. With the
exeuption of single assays showing DNA damage in vitro and in vivo, data from genetic
toxicole gy studies are negative. These posifive results were seen, however, in the absence
ot a vlear mutagenic effect (1.e., gene mutations or chromosome aberrations).
Conseqently, these data are not sufficient to further consider a mutagenic MOA for the
carcinosenic response in mice,

~

There is a good dose correlation between liver tumors, hepatic microsomal enzyme
induction and cell proliferation 1n mice.

fad

Ce'l proliferation occurred in both mice and rats in the absence of overt liver toxieity.

4. Tempuoral relationships supporting this postulated mitogenic MOA were demonstrated.
The mitogenic proliferanve response was identified at the tumorigenic dose as early as |
dav 11 females or 2 days in males after the onset of treatment, and declined after 4 days.

However, as roted above, this response (1.¢., creased liver weights, accompanied by
stirnulation o P-450 microsomal enzymes, ccl proliferation, and hepatocellutar hypertrophy)
was demonstrated i rats, but with less intensity than in mice, and in the absence of tumor
formation.  Although this information might weaken the argument tor the proposed non-
genotoxic mechanism for liver tumors in mice, it should be noted that this species difference in
the response to p-DCB may be attributed 1o the resistance of rat liver and the susceptibility of'the
B6C3F] mouse 1o liver tumors as previously chserved by several authors (Grasso and Hilton,
190 1; Eldriduce et al., 1992; Haseman ct al., 1990). Additionalty, p-DCB 1s more extensively
metaboliscd v the B6C3F 1 mouse than the £-344 rat.
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Classification and Quantification of Carcinogenic Potential

In accordance with the EPA’s Final Guidelines for Carcinogen Risk Assessment (March 2005),
the CARC classified p-DCB as “Not Likely to be Carcinogenic to Humans” based on
convincing evidence that a non-mutagenic MOA involving mitogenesis was established tor p-
DCB induced liver tumors in mice and that the carcinogenie effects are not likely below a
detined dose that does not perturt normal liver homeostasis (e.g. increased liver cell
proliferaiion). 1he quantification of carcinngenic potential 1s, therefore, not required.
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L. INTRODUCTION

On February 21. 2007, the Cancer Assessment Review Committee (CARC) of the Health Effects
Division (HEDY of the Office of Pesticide Programs (OPF) met to re-evaluate the carcinogenic
potential of paro-Dichlorobenzene (p-DCB) (also known as 1,4-dichlorobenzene). This was the
third cancer ¢valuation for this chemical. Para-dichlorobenzene was previously classibied in
1989 as a Catceory C carcinogen. The purpase of this 2007 meeting was to evaluate new
inhalation data «an inhalation study in rats and mice by Aiso et al 2005a) and to deiermine the
appropriate cancer classification of this chemical. The status of the rat and mouse tumors that
were examined in the previous cancer assessments, and which are not undey reexamination in
this CARC asscssment, was summarized and discussed as part of the weight-of-the-evidence
deterimination « i 1ihe cancer classification.

para-Dichlorobenzene {(p-DCB), also known as 1,4-dichlorobenzene (CAS number 106-46-7,
PC Code 061 301) comes in white crystalline form and is volatile (sublimes easily). Itis used as
moth repellent, general insecticide. germicide, space odorant. 1t is also used in the manufacture
of 2.5-dichloreaniline, dyes, intermmediates, and pharmacy and agricultural products (Lewis, R. J.,
Sr(Ed). 16093,

I1. BACKGROUND INFORMATION
b Previous Actions

The Cancer Peer Review Committee of the Health Effects Division met on January 29,
1987 to review the toxicology database on p-DCB with a particular emphasis on the carcinogenic
potential i rats and mice (TXR No. 0052665). The studies that were available for review are
discussed helow:

A NTP Oral Carcinogenjeity Studies in F344/N Rats and B6C3F1 Mice:

In the rat study, the chemical was administered by gavage in corn o1l, at dosage
fevels of 0, 150, or 300 mg/ke/day in males and 0, 300, or 600 mg/kg/day in females,
s davs/week for 104 weeks. No significant increases in tumors werc observed in
fumales. Renal tubular cell adenocarcinomas, and adenocarcinomas and adenomas
~ombined were significantly elevated in males of the high dose group. The increased
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tunorigenic responses, seen at the highest dose level, exceeded the NTP s average
historical control incidences for similar tumors.

v the mouse study, the chemical was admunistered by gavage in com oil, at
dosage levels of 0, 300, or 600 mg/kg/day, 5 daysiweek for 104 weeks. Incidences of
hepatocelinlar adenomas, carcinomas, and adenomas/carcinomas combined were
signilicantly elevated in both males and females of the high dose group. In addition
there were positive trends for all three categories of tumors in both sexes. [n addition,
tour hepatoblastomas, a more uncommon and malignant type of liver tumor than
hepatocellular carcinomas, were seen in the high dose males.

B. I { 'nhalation Carcinogenicity Studies in Wistar Rats and SPF Swiss Mice:

in the rat study, the chemical was administered to groups of 76 to 79 Alderly
Park Wister - derived rats of each sex at concentrations of 0, 75, or S00 ppm in the
atr, & days per week for 76 weeks, and surviving animals were observed for {08 to
P12 weeks. The treatiment did not alter the spontaneous tumor profile in this species
ander the testing conditions.

in the mouse study, the chemical was administered to groups ot 75 mice of both
sexas at concentrations of 0, 75, or 500 ppm m the atr for 57 weeks and surviving
anirnals were observed for additional 19 weeks, Limitations regarding insufftcient
istepathological evaluation of tissues precluded useful interpretation of data from the
e study.

In this meeting, the Committec members, focusing on the response in the rat study, were
equally divided in their opinion as to whether p-DCB should be placed in the B2 or C' category
(Cancer Peer leview Report, Aug 18, 1987, TXR No. 0032665).

Subseguently, on April 20, 1987 the Halogenated Organics Subcommiftee of the Science
Advisory Board reviewed p-DCB and concluded that it should be classified as “Category C”
{memo to o Lee Thomas, March 9. 1988 in Cancer Peer Review Report, April 27, 1989, TXR
No. 00526663,

The commmittee’s conclusion was based on the following:
ai The absence of a positive response in genotoxicity studies (referring to the

kidney tumars in the male rat), p-DCB appears to act via an epigenetic
mechanism in the male rat rather than through the formation of DNA-adducts.

b} In the case of liver carcynomas in BA&CAFT, p-DCB and other halogenated
compournds may promete the expression of oncogens.
C) The male rat kidney tumors may be the result of a mechanism that would not

play a role in humans.
11
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o3 Ihere was no support for a higher p-DCRB classification from human
epidemiology studies.

In view ©the above data, the HED CPRC agreed that p-DCB should be classified as a
Category C carcinogen. However, the decision as to whether a Jow dose extrapolation should be
used for risk assessment purposes has been deferred (see Peer Review Report dated Apnil 27.
1089, TXR No (Hi52666).

2. Recent Data

Recently, an article was published by S. Aiso et al. (2005a). The authors summarized the
findings of carcinogenicity studies in rats and mice with p-DCB via inhalation and indicated that
the treatment was associated with increased incidences of tumors in mice but not in rats.
Detailed consicerations of these two studies are given below.

. EVALUATION OF CARCINOGENICITY STUDIES

/. Citution: Shigetoshi Aiso, Tetsuya Takeughi, Heihachiro Arito, Kasuke Nagano, Seigo
Yaramaio. and Taijiro Maisushima. (2005). Carcinogenicity and Chronic Toxicity in
Mice and Rats Exposed by inhalation 1o para-Dichlorobenzene for Two Years. J. Vet

Med Sei 67 (10): 1029, 2005

A. Expenmenial Design

Para-Dichlorobenzene (purity greater than 99.9%) was administered by inhalation to groups of
50 F344 rats ¢r 50 BDF) mice of both sexes at target concentrations of 20, 75, or 300 ppm for 6
hours/day. 5 cays/week for two years. A group of 50 rats or 50 mice of either sex served as
control. Air ¢oncentrations of p-DCB vapor in the exposure chambers were monitored at 15-
minute intervals by gas chromatography and were maintained approximately constant (within
1% of the imtended concentrations throughout the 2-year exposure).

B. iscussion of Tumor Data

In rats, the troatment did not alter the spontancous tumor profile in either sex.

In male mice. there were significant increasing trends in hepatocellular carcinomas and
hepatoblastomnas, both at p<0.01. There was also a significant trend 1n histiocytic sarcomas
(livery at p0:.05. There were significant pair-wise compansons of the 300 ppm dose group with
the controls “or hepatocellular carcinomas [38/49 (78%) vs. 12/49 (24%)}] and histiocytic
sarcomas {6345 112%) vs. 0/49 (0%}, both at p=0.05,

In femate mieve, there were significant increasing trends, and significant pair-wise comparisons of

12
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the 300 ppm dosz group with the controls, for hepatocellular adenomas {20/50 (40%) vs. 2/50
(4%)] and carcinomas [41/50 (82%) vs. 2/50 (4%}, all at p -~ 0.01. There was also a significant
trend ir hepatoblastomas at p < 0.05.

In male mice. there was also a significant trend in histiocvtic sarcomas (liver) at p<0.05. There
was a signficant pair-wise comparisons of the 300 ppm dose group with the controls for
histiocytic surcomas {6/49 (12%) vs. 074G (0%}, both at p<:0.05.

Incidences i selected lesions i the Livers ot mice are shown in Table . Incidences of
histiocvtic sarcoma in different tissues of male and temate mice treated with p-DCB are shown
in Table 2. incidences of sciected lesions in the Hivers and kidneys of mice and rats are shown in
Tablc =

No historical control data for BDF1 mice were provided by the conducting taboratory for the
liver tumors or the histiocytic sarcomas. Histonical control incidences for liver tumors and
histiocytic sarconmas in B6C3FT mice from NTP carcinogenicity studies were reported by
Haseman et al. 1998, For liver adenomas, carcinomas and hepatoblastomas, the historical
control meidences were 4-48%, 9-34%, and 0-2"%, respectively for males and 2-40%, 0-38%, and
0 for females. Doull et al. 1983 reported a high and variable spontaneous hepatocellular
carcinoma historical control incidence rate for B6F3C1 male mice as 7-55% and for female mice
as 2-8%. For mstiocytic sarcomas, the historical control incidence was 0-6% for males,
Histarical contral data from Charles River 2000 for histiocytic sarcomas in males was 1-8%.
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Table !: Incidences of hepatocellular lesions in male and female mice treated with p-
dichlorchbenzone (5. Aiso, personal comnmunication, 2007,
_Incidences of hepatocellular neoplasms o -~
_p-DCB conceniratons e Opprm 2Uppm 75ppmo 300ppm
Alale
Number of ammals 2xamined 49 49 30 49
Number of aninals with
Flepate o Hular adenoma(HC A 13(27%) O(18%%) T(144%) 13(27%)
Hepatoes ular carcinoma(HCO) [ 2(24%) 17(35%) Y6{32%) IR(TRY6)THY
Hepainhiastoma(HB) O(0%) 2(4%) {0%) R(16%0)%*
Number ¢ avin: s with
HCA 8 4 P 4
HCC 7 11 11 23
1B {1 0 ( 0
HCA+ HCC 3 4 5 7
HCA+HB 0 0 a 0
HCC+HB 9 I 0 6
HCA +HCC + HB O i 0 2
20 ' 1 18 41
Total number . anmals with hepatocellular neoplasms
*Ep< 0,01 E}yﬁvl?sher’s exact test; T p< 0.05 by Peto test o T
p-LICB concentrations - Opprn 20ppm T5ppm 300ppm
Female
Number of anunals examined 50 50 49 50
Fep oceifular adenoma (HCA) 20455 10{20%) &6{12%) 20(40%)y5*11
Hoers wocellular caremorma (HCO 204547 (8%} 2(4%) A1(82%%)**1 1
Heomoblastoma(HB) (0%} D(0%) 0(0%) 6(12%)*
Numiber of aninzals with
HCA 2 % 5 4
HCC z [ 23
HB (! 0 ¢ 0
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ICA + HCC ( 2 1 )2
HCA +HB Y 0 0 {
HCC +HB { 0 0 2
HCA+HCC+ HB 0 0 O 4

Total number of snunals with hepatocellular necplasms

* ps 0.05 byri}.‘.‘isi]c'}:"ste;act test
% p 04)1 by Fisher's exact test; 11 p< 0.01 by Peto test
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Table 2: Inciden-es of histiocystic sarcoma in different tissucs of male and female mice vreated
with p-iNchlororenzene (8. Aiso, personal communication, 2007).

Incidences ol hisuocytic sarcoma in all tissues

DB concentiiions Oppm__ 20ppm__ TSppm_ 300ppm
Male
Number ¢f animais bearing primary hustiocyvtic sarcoma at different sites
~ubcutis 0 0 2 0
selivary gland 0 0 f 0
pver 0 3 ] 6*1
imnary biadder 0 { 1 0
epiaidymis 0 {1 | 0

:rtOREUM 0 Y Z 0

Total mumber of animals bearing primary histiocytic sarcema
0 3 8 6

Female

Number of animals bearing primary histiocytic sarcoma at difterent sites

subcutis ( f & 1
salivary gland 3 i (} 0
lyer 2 l | {
arinary bladder 1 il 0] 0
ulerus H 0 13 12
__ vagina b U ) 0

Total nuniber of animals bearing primary histiocytic surcoma
15 8 14 13

* p< (.05 by Fisher's exact test
1= 005 by Pototest

16
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Table 3: Statisticul analysis of incidences of selected lesions in the livers and kidneys of mice
and rais expeses by inhalation (o p-dichlorabenzene for two vears (from S, Aiso et al., 2005a,).

Male o Female
p-DCB concent@hans Oppm 20ppm 75ppm 300ppm Petotest Oppm 20ppm 75ppm 306 ppm  Peio test
< Mize >
MNuinbrer (i animals examined 42 49 20 49 50 50 49 30
Liver
Hepatocelular adenoma 13 g 7 13 2 10 6 20 =« T
Hepatocellslar caczinoma 12 17 6 38 =~ T ] 4 2 41 += Tt
Hepatoblasioma o 2 0 8 »* ] "] 4] 5 *
Histiooytic sarcoma o k] ! [ 1 2 ! i 0
Hepatoeelular hypertrophy: centrilobular® 0 4] 4] 34 #R 4] G 4] 2
< Rats >
Nubther of animals exarmined hid 58 30 50 50 50 50 50
Liver
Hepatncellutar kypertrophby: centriiobular®™ 0 0 €i 3% 0 0 G 3
Kirney
Mineralizubon: papilla® 0 1 0 40 ## H 0 G 0
Urotheligl bypeipiagia: pelvis? 7 b3 13 32 ## ¢ 0 0 ¢
Chronic progressive nephropathy® 50 49 49 50 43 46 45 48
(3.34) (3.27) (3.35)  (3.48) (2.2F) (215) (2.24)  (2.29)

* and **: Significanlly different from contral a: p<0.0% and p<0.81 by Fisher's exact test. T and 77T: Significantly different from cantrol at p<0.05

and pL0} by Pelo test.

# and #%: Significanly different from control at p<0.05 and px<0.01 by Chi-square test.

8} 25 and 9 males had slight and moderate grades of sevenity, respectively, in e 300 ppm-exposed male group, One female had siight and the
other had maderzie grade in the 300 ppm-exposed female group.

by Ali cases iad siight grade of severity. ¢} All cases had slight grade of severity sxcepl the one having the moderaic grade in the 300 ppm-
exposed male groug,

d) Tae values in purenthesis indicate the average of severity grade index of the iegion in affecied amimals, The average of severity prade index are
calculalsd with u following equation, [T {grade x number of animals with grade}]<number of examined animals. Grads: 1=slight, 2-=moderate,

C. Non - Neonlastic Lesions, Body and Organ Weights, Food Consumption, and Mortality

In the mouse study, there was no ditference in the growth rate between the treated and non-
treated mice ol either sex except for the 300 ppm male group, highest dose tested. which
exhibited stgnificantly (p<0.01) decreased body weight gain of 12%, at the end of the 2 years.

No differcnce in food consumption was observed between the treated and the control groups.
Absolute and relative liver weights were significantly (p=0.01) increased in males and females of
the high dose group. Absolute and relative kidney weights in females and relative kidney
weights i1 rriles were also significantly (p<0.01) increased in the high dose group (Table 4).

An increase in the number of males and females bearing Hver nodules was observed in both
sexes of the high dose group.  No significant inicrease in the incidence of altered ccll foci in the
fiver was observed in either males or females. Increased incidence of centrilobular hypertrophy
of hepatocytes was observed in males of the high dose group. There was no histopathological
change indioating hepatocellular injury in both sexes of any of the treated groups.

Incidence ol the respiratory metaplasia of the nasal gland epithelium increased in females of the
high dose (300 ppm), and was sigmficantly increased in the 75 ppm male group. increased
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incidence of the respiratory metaplasia of the olfactory epithelium with slight severity was noted
in males of the 75 ppm group. The respiratory metaplasia was manifested as replacernent of the
olfactory epithelivm with the respiratory-fike mucosal epithelium in which those epithelial cells
were similar 1o the ciliated cells of nonmal respiratory epithelium. Table 5 shows the nasal

lesions m anumals exposed to p-DCB for two years.

Survival rates decreased in all treated male groups (39/49, 31/49, 32/50, and 30/49 in the control,
20 ppm, 75 ppriw and 300 ppm, respectively). The decrease in survival rate did not appear to be
dose-dependert. However, according to the auther. only the decrease in the survival rate of the
300-ppm male eroup was significant in the Kaplan-Meier survival analysis. A iotal of 19 deaths
consisting of 177 Hiver tumors deaths, 3 other tumor deaths and 4 non-neoplastic deaths occurred
in the 300 ppm eroup while 3 liver tumor deaths. 3 other tumor deaths and 4 non-neoplastic
deaths werc observed in the control group. There was no difference in survival rate between the
treated female proups and the control group (287536, 25/50, 23/49, 26/50 for the control, 20, 75,
and 300 ppra rospectively).

In the rat study, significant (p<0.01) increases in absolute and relative organ weights were
observed in the Hver of males and females and m the kidney of males of the high dose group. No
macroscopic losions were observed in the organs of any of the treated groups. There were no
significant moreases in the incidences of the neoplastic or in the tumor-related lesions observed
in arty organ of the treated groups (Table 4).

incidence of centrilobular hypertrophy ot hepatocytes was increased in the males of the high
dose groun. increased incidences of papillary mineralization and hyperplasia of the pelvie
urothehburn 1 the kidney were observed in males of the high group. No histopathological
changes indicative of oy - globulin in the epithelial cells of renal proximal tubules were
observed 1 the inhalation carcinogenicity study, aithough both the hyaline droplets and the
granular casis in the proximal tubules of male rats were noted earlier in the thirteen week
inhalation study.

Incidences o the eosinophilic globules in the nasal cavity were increased ini the olfactory
epithelium with marked grade of severity in the females of the middle and high dose groups and
in the respiratory epithelium having stight grade of severity in the high dose females. The
increased moidences of the eosinophilic globules were closely associated with a marked decrease
in the numbcer of olfactory cells in the olfactory epithelium of 300 ppm-exposed females.
incidence of the respiratory metaplasia ot the nasal gland epithelium was increased in the
females exposed to 300 ppm. The eosinophilic globules were abundantly present in both the
supporting vells of the olfactory epithelium and the ciliated and non-ciliated cells of the
respiratory cpitielium, (Table 5),

No significant decrease in survival rate was ebserved in the treated groups of cither sex when
comparcd 1o the control rats, except for the males of the 300 ppm group as indicated by Logrank
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analysis (33/50, 34/50, 26/50, 18/50 for the control, 20 ppm, 75 ppm, and 300 ppm respectively).
The causc of dezth in the males of the 300 ppm group was as fellows: 10 animals due to
teukemia. 9 animuls due to other tumors of various organs, 11 animals due to chronic progressive
nephropathy (CP'N) and 2 animals with unconfirmed cause. The cause of death of the 17 animals
in the control group was as follows: 3 animalis due to leukemia, 8 animals due to other tumors
and 6 CPN. Therefore the significant decrease in the survival rate of males of the 300 ppm group
was attributed 10 an increase in the number of leukemia and CPN deaths.

Table 4: Bodv wnd organ weight changes of mice and rats exposed by inhalation to p-DCB for
Jvears (from & diso et al. 2005q).

Male ] Female .
p-DCB concentrutions 0 ppm 20 ppm 15 opm 300 ppm 0 ppm 20ppm 75 ppm 300 ppm
< Pfice> - T T
Mumber of avmals examined® 30 31 32 30 28 25 23 20
Bndy weipzn g 425281 4031B4 41646 37.613.9%% 324454 343460 31.2%33 25,6423
Liver el 1,700 1.908 1984 3159 ¥ 1.583 1.857 1.871 5.354%*
045 10616 + 0.756 +0.163 + 0.429 +1.283 30.433 3 2555
k5 422 5.062 4868 B.606** 5.010 5.620 5420 17.947%*
+ 1.776 +2.395 2] 1 4.766 = 1.703 +4.417 +{3.791 £ 883
Kidneys g% 0.674 O.637 0.655 pI2 0.467 G469 0.457 {1514
=0.266 1 0.071 20054 + 0346 +0.093 +0.045 1 0.062 01172
%% 1.586 1.655 1.605 1.955 ¥ 1.474 1.3%6 1480 1.749%%
+1.082 * 0438 £ €283 +11 ={0.378 =032 +0.156 + 0433
“Ratss T T T T T T - T
Number of anieals examined® 33 34 23 18 38 4 38 a8
Body weghr g 394 A6 3K2 382 300 304 298 243
+ 40 £45 = 42 43 31 240 + 45 4432
Liver i 13.007 14.309 13,773 14 957%¢ 7.854 B.032 8.193 G055
+1.669 + 4.983 12,357 1 [.482 +0.899 +1.187 * 1378 + 1.681
%7 3.5331 3.583 3634 3950+ 2.644 2.657 2774 3.1 5GF%
=546 £1.37% +{.6Y +0.567 1+ 0.379 +033 +0.394 + 0.901
Kidneys a? 3.040 3.183 143 31.636** 2088 2.042 2081 2,172
+0.261 (.59 T 0352 +0.483 +0.[78 =175 +0.182 +0.23
e 0.77% 0.800 0.549 G.067%> 0.703 0.680 G715 0.758
x 0108 + 024 20163 +0.194 +0.09 +0.093 +1}.134 +0.186

&) The pumber ¢ anirnals at terimina! necropsy. b) Absolute organ weights are expressed as means + S,

<) Relaﬁwrc:rgrar weights, the percentage of 2bsolute prgan weight to body weight are expressed as means + SD.
* and **: significetly different from control st p<D.05 and p<0.01 by Trunneit's test, respectively.
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Table 5- Nasa! lcsions in mice and rals exposed by inhadaiion to p-DCB for 2 years
(from & Aiso il 2005a)
Mzale Fernale
p-DCB concentrations Oppm 20ppm  7Sppm 300 pom Oppm  20ppm  TS5ppm 300 ppm
< Mice>
No. of animais sxamined 49 49 50 49 b 50 49 56
Respiratory meinptasia
Nagel gland T 37 42 47 - 4] g 4] 8 19
(i+) 28) (29} 27 {30) (% (6} %) {18)
(2) %y (13 (18) (11 {0} (0 U} n
34) (Qy (13 o1 {0} {0} (0 ¥ (&
Olfactory ep-thelium ™ 23 30 38 * 24 ? 6 2 20 *+
(1+} 23 (30 37) (22) (7N (6} (2) {20y
{2+) (0} () (1 {2) (0} (D] (o) (@)
< Rats> :
NoG. 0f aniinals examined 50 50 50 S0 50 50 50 50
Egsinophilic globules
Respirglory epithelium T 4 i 5 4 1t 10 4 38
{1+ &) (1) (5) 4) {11} (10} (14} (38}
Oifactory eps theliman ™ 33 22 21 26 49 46 46 *= S0 **
(4} {32} 20 (19) (19) (22} an (7) (3
() {1} m ) (7 (z1) (27 (16} (27
(3+) {1 03 (0) (6} (2) 23) 20
Respiralory metap.asia ‘
Nasal gland ™ 3 0 0 0 5 4 4 33 ¥
(1+) 3 ] (™ () 53 {4) (4) (33}

a) Total number of animals bearing the nasal lesion.
* and **: Sigmificantly differant from control at p<0.05 snd p<0.01 by Chi Square test.

D. Adequacy of the Dosing for Assessment of Carcinogenicity

The selection »f the dose levels used in these two inhalation studies in rats and mice was based
on the results ot a [3-week inhalation toxicity study of p-dichlorobenzene in mice and rats (S.
Aiso et al., 2005b). In this short-term study, the animals were exposed by inhalation to p-DCB at
concentration levels of 0, 25, 55, 120, 270 or 690 ppm. 6 hours/day, 5 days/week for 13 weeks.
Conwrol groups were also included and exposed 1o ¢clean air under the same conditions.

The treatment decreased the growth rate of male mice, and induced hepatotoxicity in mice and
rats of both sexes. The induced hepatotoxicity at 600 ppm was severe and manifested as
increased {1vaer weight, hepatocellular hypertrophy, and increased serum levels of total
chotesteral. Liver necrosis and increased serum levels of AST and ALT, indicative of
hepatoceilular death were observed in the mice, but not in rats. Similar effects were seen at 270
ppm but were not severe.

Treatment at 500 ppm also caused renal and hematological toxicity in male but not female rats or
mice of exther sex. Renal lesions were evidenced by the hyaline droplets, positive for Oy, -
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globulin, observed in the proximal tubular epithelial cells. Granutar casts were observed in the
tubular lumen. resuliing from the necrotic desquamation of the renal tubular epithelium.
Papillary mineralization in the renal pelvis and increased serum levels of BUN and creatinine
were observed. These renal changes are indicative of o, - globulin nephropathy.
Hematological wxicily in male rats was manifested as decreases in red blood cell counts,
hemoglobin concentration, hematocrit and mean corpuscular volume and increased spleen
welght. Similar cifects were seen at 270 ppm but were pol severe.

The NOAEL wus considered by the authors to be 120 ppm. The LOAEL was 270 ppm for the
hepatatoxicity 11 mice and for renal toxicity i rats. Based on this study, the maximum tolerated
dose for the 2-vear inhalation carcinogenicity studies in both rats and mice was estimated to be
300 ppm.

From the above assessment, the CARC concluded that the highest concentration tested
(300 ppm) in both rats and mice was adeguate, but not excessive, to assess the
carcinogenicity of p-DCB in both species. In rats, this conclusion was based on severe effects
at 600 ppm seca m a 13-week inhalation toxicity study which included hepatotoxicity (increased
hWver weight. hepatocellular hypertrophy. increased cholesterol) in male and female rats and repal
toxicity (increased kidney weight, o< 2u-globulin nephropathy) in male rats. Similar eftecis were
scen at 270 ppen in the subchronic study, but the effects were less severe. The adequacy of dose
selection was supported by increased liver and kidney weights as well as non-neoplastic lesions
in the bver, kidnev, and nasal region seen the 2-year rat cancer assay at 300 ppm.  In mice,
Justification tor selection of 300 ppm as the high concentration is based on the evidence of severe
effects at 600 ppm in a 13-week subchronic inhalation study. This included hepatotoxicity
{increased Liver weight, hepatocellular hypertrophy) and eftects on Hver enzymes indicative of
liver injury. S-milar effects were seen at 270 ppm in the subchronic study but the etfects were
less severe. {'his was supported by decreased body weight gain of 12% 1n males, increased Jiver
and kidnev weishts seen in both sexes, hepatoceliular hypertrophy seen in males, and nasal
fesions in fenciles at 300 ppm 1 the 2-year cancer study.

Iv.  TOXICOLOGY
1. Metabolistn

The pharmacokinetics of p~-DCB was evaluated in fernale adult CFY -Sprague-Dawley rats.
Groups of tw animals per dose received “C-labeled p-DCB at doses of 250 mg/kg/day either
orally by zavage. subcutaneously for up to 10 days, or via inhalation at a concentration level of
1000 ppm: 3 hours/day, for up to 10 days. Based on the findings of this study, it was concluded
that similar = ssue distribution, metabolism, and excretion patterns occurred for p-DCB by all
three routes «f administration. The highest levels of radioactivity were found 1n fat followed by
kidney, lung and liver, plasma, and muscle. The peak tissue concentrations occurred 1n about 6
davs. By 8 fours after the last of the repeated doses, both tissue and plasma levels declined and
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were largely undetectable after 53 days. Over 90 percent of the radioactivity was excreted in the
urine by all threo routes as sultfate and ghicuronide conjugates of 2,5-dichlorophenol (Cancer
Peer Review Report dated August 18, 1987, citing Xenobiotica 10:81-95, 1980).

The conversion o1 p-DCB to 2,5-dichlorophenol and subsequent conjugation was confirmed in
several other studies. According to a document entitled, Public Health Goal for 1,4-
Dictlorobenzenz in Drinking Waier, prepared by CA EPA, 1997, p-DCB 1s converted mto
exposed humans 1o 2,5-dichloropheno], which then undergoes conjugation before it1s excreted
as glucuronide snd sulphate conjugates, and 2,5-dichloroquinone (NTP, 1987; citing Halloweil,
1959; Pagnetto and Walkley. 1965}, The 2,5-dichlorophenol has been detected in the urine of
exposed huran- (ESBD, 1997; citing Menzie, 1269).

The brotranstormation and tissue distribution of p-DCB was compared in rats and rabbits. The
primary metabeite of p-DCB detected in the urine ot rats exposed orally to p-DCB was 2,5-
dichloropheryvi methyl sulfone. Rabbits exposed orally 10 p-DCB formed 2.5-dichiorophenol
(plus glucuronide znd ethereal sulphaie conjugates) and 2,5-dichloroquinol (HSBD 1997, citing
Azour et al | [955), Similarly, rats exposed to " Jabeled p-DCB excreted most of the dose as
sulphate or glucuronide conjugates of 2.5-dichlorophenol (Klos and Dekant, 1994: NTP citing
Hawkins ¢t al.. 1980). Minor metabolites reported in rats include 2-(N-acetyl-cysteine-S-yl)-1. 4-
dichlorobenzens and 2-(N-acetyl-cysteine-S-yi)-2.3-dihydro-3-hydroxy-1,4-dichlorobenzene
(Klos and Dekant, 1994).”

When severil spectes and strains of animals (including humans) were compared in the ability of
their hepatic m:crosomes to biotransform p-DCB (Hissink et al., 1997), it was found that
B6CIFT mouse microsomes showed the greatest ability 1o metabolize p-DCB, followed by the
rat then humar microsomes. The authors measured the extent of conversion of radiolabeled p-
DCB to oxudized metabolites and glutathione conjugates and the extent of covalent binding of
radioactivity {1 ¢ metabolites) to microsomal proteins. As surnmarized in Table 6, p-IMCB was
extensively maetabolized by the B6C3F 1 mouse (15% of total radioactivity} compared to the
Fischer-34: rat (1.1%) or the Wistar rat (1.3%). Furthermore, the extent ot covalent binding of
radicactivity (25 % of total radicactivity) by the mouse microsomes was 31 to 39 times greater
than the rai : Table 6), when % of conversion to metabolites and the % of metabolites bound are
taken together. Using ascorbic acid, an wthibitor of hydroguinone oxidation to benzoguinones,
the authors aurthuted the more extensive hinding in the mouse to the greater formation of
benzoguinenes by the mouse microsomes than by those tn the rat. These authors concluded that
the more pronounced conversion of p-DOB to reactive species, including benzoquinones, could
be a tactor in 15 hepatocarcinogenicity in mice but not in rats.

oo
[
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. , . . ) ) i
Table 6. In vitro vetabolism of 1,4-DDCB by rat and mouse liver microsomes

Species Cotversin Covalent Binding ldentified Metabolites
(Tond Tl (%e of Total Conversion)
Rachoacr ™ ity)
As % of I As%of GS- ri-!ydrcaquinm\c 2,5-DCP | GS-
tnal tozal Epoxide Quinono
Conversion Radioacti-
L Vity : .
BOC2FI- i3 ' 209 3 T ND 16.1 50.5 3.0 '
Mouse _ J
Fischer T 6.8 0.08 T 27| S6.8 6.0
344-Rat —
Wistar-Ral | 3 8.1 0.1 159 0.5 so IND !

' Data from Hissink e al. (1997)
- Bmdmy {as % o1 toral radioactivity) = Binding (as % of total conversion) x Conversion (as % of tolal
radicactivitvy, calenlehons were not in the original report, were addea by the reviewer.

According to a document prepared by the National Institute for Working Life of Sweden
(Lundberg, 199%) there are no quantitative data available on the tissue distribution of p-DCB in
human subjects. However, small amounts of p-DCB have been found in blood, fatty tissue and
breast milk of susjects exposed environmentally to p-DCB. In rats given radiolabeled p-DCB,
the highest comcentrations of radioactivity were recovered in fat, kidneys and liver, while the
lowest amounts were recovered in the lungs, muscles and plasma, The distribution was the same
regardless of the method of administration whether via inhalation, ingestion or subcutaneous
injection. Il i~ ol nserest also that rats showed some gender differences in distribution of p-DCB
in kidneys and liver. These gender differences ate probably related {o the nephrotoxic effects
observed 1n maics and hepatotoxic effects secn 1n females.

Dichlorobenzencs are generally metabolized in three phases; oxidation catalyzed by cytochrome
p-450, followed by conjugation reactions, and enterohepatic circulation of metabolites and their
conversion by nitestinal enzymes. Figure 1 shows the biotranstormation of p-DCB. Figure |
below shows a proposed schematie iflustration of oxidation of p-DCB by the microsomial
CNZYIES.




EPA's Records Disposition Schedule PEST 361 Scientific Data Reviews HED Records Center - File R149204 - Page 25 of 59

pira-DICHLORORENZENE CANCER ASSESSMENT DOCUMENT FINAL
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Figure 1.Bictrausformation of p-Dichiorobenzene. Patiways for the formation of reactive
metabolites by mouse, rat and human microsomes and their proposed effects are shown. [From
Mudler (20002

2. Mutagenicity

p-DCB has been classified as not mutagenic i the standard battery of Genetic Toxicology
studies by IAKC (1987) and the Cancer Peer Review Committee of HED (1987). Since that
time, several srticles have appeared i the open literature. These studies indicate that neither the
parent compound nor its main metabolite (2,5-dichlorophenol} were mutagenic in the Chinese
hamster ovary {CHO) cell gene mutation assay or induced micronuclei in the bone marrow of
NMRI maie or female mice using oral gavage admintstration of 2500 mg/kg 1,4-DCB or 1500
2.5-DCP (Tepethoff et al,, 2000). It is of note that in this assay, the negative induction of
micronucler was accompanied by decreases in polychromatic erythrocytes (PCE). The same
authors also used the 1.p. route to expose mice 10 2 x 177.5 and 2 x 355 mg/kg and found that
1.4-DCB failed to induce a positive effect. Similarly, Sherman et al. (1998) demonstrated that p-
DCB did not induce unscheduled DNA synthesis in F-344 rats kidney cells or B6C3F] mouse
hepatocytes iatlowing in vivo exposure. These authors. however, noted increased scheduled
DNA synthes' s, indicative of cell proliferation at single oral gavage doses up to a level (1000
mg/kg) higher than the tumorigenic dose in the 1987 NTP study (600 mg/kg/day). There is high
contidence ir the findings of Tegethoft et al. and Sherman et al. since clear interaction with the
!
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target organ occurred in the absence of a positive response. p-DCB was also found fo be
negative in both ~at and human primary hepatocyies for DNA damage in the alkaline elution
assay (Canoncro et al., 1997).  In contrast to these negative findings, these authors reported
positive results iy an in vitro micronucleus assay i primary rat hepatocytes but the response was
not dose related: only observed at single concentrations in different trials; and not seen 1n
primary cultures of human hepatocytes or in mouse bone marrow in vivo. Sasaki et al. (1997)
also reported that p-DCB was reactive in the alkaline single-cell gel electrophoresis (Comet)
assay in mouse 'iver 3 hours following an 1.p. injection with 2000 mg/kg. At 24 hours, however,
the response wus negative. Carbonell et al. (1991) reported the induction of sister chromatid
exchange (SCE rin human lymphocytes from two separate donors at 0.1 and 0.2 pg/ml. While
both the SCK aswsay (in vitro) and the comet assay (in vivo) measure reactivity with DNA | these
positive results are not convincing. In the absence of a clear mutagenic response (1.e.. positive
gene mutations or chromosome aberrations) the findings are not sufficient to further consider a
mutagenic MO tor p-DCB.

3. Structnre-Activity Relationship

The structure-activity relationship was addressed by the CPRC of the HED in the previous
meeting. According to the CPRC’s report of August 18, 1987, data from close structure
analogues provided very limited support for the carcinogenicity of p-DCB. Since that time,
additional infonmation has come to light. Both the ortfio and meta isomers of dichlorobenzene
are well-koown industrial chemicals that are toxic to the liver (0-DCB is the most toxic followed
by m-DCRB. and p-DCB is the least toxic) (Stine ct al., 1991 as cited by Umemura et al., 1996).
IRIS (2006) 1ix25 ¢-DCB as Group 3, based on the lack of increased tumor induction in well-
conducted mouse and rat 2-year carcinogenicity studies. m-DCB has not been adequately tested
for potential carcinogenicity, According to IRES, hoth the ortho and the meta 1somers induced
micronuclei m the bone marrow of mice treated s vivo: neither compound is miutagenic to
bactena and both produced mixed results in DNA binding assays. Umemura et al. (1996)
showed that betlh “he o- and the m-forms produce 1somer specific acute toxicity to the mouse
hiver as indicased by significant increases in liver weight, ALT activity and BrdU labeling as well
as extensive hver necrosis. In contrast, the BrdU labeling seen in this study tor p-DCB
{(discussed 11 :he MOA attachment) occurred only at doses showing little or no liver necrosis.
Based on the lindings, the authors ranked the three isomers according to hepatotoxicity as: >m-
DCB »0-D1 -p-DCB.

4. SubchronicYoxicity

Mhirteen-weck mnalation toxicity study of p-dichlorobenzene in mice and rats (S, Aiso et al. J.
Occup Hed il 20036)

This study has been already discussed under “Section 1HI-1, Adequacy of the Dosing for
Assessment o f Carcinogenielty™

i

R
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A, Mode of Action Analysis for Liver Tumors in Mice

Since p-DCB 1s predominantly negative in a wide range of genotoxicity studies and 1s not overtly
cytotoxic to the iver, the possibility that this compound is a rodent carcinogen via a mitogenic
mode of action (MOA) was explored by HED toxicologists. Based on the available information
in the published literature, it is postulated that p-DCB causes liver tumors in male and female
mice through chron.c exposure to inhalation and/or orat doses that cause stimulation of
mitogenesis leadiag to cell proliferation and progressing to adenomas and carcinomas (sce
Atrtachment)

Based on the retiew of the published literature by HED, the CARC concluded that a plausible
non-genotoxic mode of action (MOA) invelving mitogenesis was cstablished for the p-DCB -
induced hepatic tumors in male and temale mice. It should also be noted that since tissue
distribution of p-12°B is considered to be the same, regardiess of the route of administration (via
inhalation, ingestion, or subcutaneous injection) and the data show consistency in the overall
toxicological response, data from both oral and inhalation studies were used to support the MOA
anatysis. Accordingly, the conclusion for miogenic stimulation is supported by the following
findings from: < vzl and inhalaton studies:

1. MNevher p-DCB nor its main metabohite (2,5-dichlorophenol) are genotoxic. With the
cxception of single assays showing DNA reactivity in vitre and in vive, data from
senehce toxicology studies are negative. These positive results were seen, however. in
the absence of a clear mutagenic effect (1.e., gene mutations or chromosome
sberrations). Consequently, these data are not sufficient to further consider a
musagenic MOA for the carcinngenic response in mice.

2. here s a good dose correlation between liver tumors, hepatic microsomal enzyme
mnduction and cell proliferation 1w mice.

tid

"¢l proliferation occurred in both mice and rats in the absence of cvert liver toxicity.

4, Temporal relationships supporting this postulated mitogenic MOA were
duemmonstrated. The mitogenic proliferative response was identified at the tumorigenic
dose as early as 1 day in females or 2 days 11 males atter the onset of treatment, and
Jeslined after 4 days.

As noed above, this response (1.e., increased liver weights, accompanied by stimulation
of I"-4 30 microsomal enzymes, cell proliferation, and hepatocelliular hypertrophy) was
also demonstrated 1n rars, but with less intensity than in mice, and in the absence of tumor
formaron. Although this information might weaken the argument for the proposed non-
genoioxic mechanism for liver tumors in mice, it should be noted that this species
difterance in the response to p-DCB may be aftributed to the resistance of vat liver and
the susceptibility of the BOC3FT mousce to hver tumors as previously observed by several
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authors

tarasso and Hiltor, 1991, Eldridge et al., 1992; Haseman et al., 1990).

V. COMMITVYEE'S ASSESSMENT OF THE WEIGHT-OF-THE-EVIDENCE

The Commitiee s assessment of the weight-of-the-evidence is discussed below:

H

{ arcinogenicity

Inhalazion Siad

Rat (Aiso eral 205a)

